
LETTER FROM DR. ELACHI & DR. ZMUIDZINAS

LETTER FROM MICRODEVICES LABORATORY

OPTICAL COMPONENTS

SEMICONDUCTOR LASERS

ADVANCED DETECTORS,  
SYST EMS & NANOSCIENCE

INFRARED PHOTODETECTORS

SUPERCONDUCTING  
MATERIALS & DEVICES

SUBMILLIMETER 
WAVE ADVANCED TECHNOLOGIES 

NANO & MICRO SYSTEMS

MICROFLUIDIC ELECTROSPRAY PROPULSION

IN SITU INSTRUMENTS

INFRASTRUCTURE & CAPABILITIES

APPENDICES: 
MDL EQUIPMENT COMPLEMENT

PUBLICATIONS, PROCEEDINGS, NEW TECHNOLOGY  
REPORTS, BOOK CONTRIBUTIONS & PATENTS

AWARDS & DISTINGUISHED RECOGNITION

National Aeronautics and Space Administration

Jet Propulsion Laboratory
California Institute of Technology

Microdevices 
LABORATORY

25 YEARS OF INNOVATION

2014 ANNUAL REPORT

02
04
07
12

20 
28

34

42
50
56
60
66

76

78
85

25 Y E ARS  O F  INNOVATION 
We are proud that for the past 25 years, JPL’s MICRODEVICES LABORATORY  
(MDL) has made seminal contributions in the areas of diffractive optics, 
detectors, nano and micro systems, lasers, and focal planes with breakthrough 
sensitivity from deep UV to submillimeter, as a result of the dedication and hard 
work of a great number of talented scientists, technologists, and research staff. 
Through this research and development, MDL has produced novel and unique 
components and subsystems enabling remarkable achievements in support of 
NASA’s missions and other national priorities. We are excited to have been a part 
of this important work and look forward to many years of continued success.

MICRODEVICES.JPL.NASA.GOV
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Twenty-five years ago, the Microdevices 

Laboratory (MDL) was founded at JPL 

under the auspices of the Center for 

Space Microelectronics Technology 

(CSMT). NASA and several DoD agencies 

with space responsibilities established 

CSMT to create a critical-mass program 

in space microelectronics with world-

class facilities, equipment, and staff.

CELEBRATING 25 YEARS OF  

SPECTACUL AR SCIENCE

THE CREATION

Dr. Christopher Webster 

DIRECTOR

JPL Microdevices  
Laboratory

Dr. Thomas S. Luchik 

MANAGER

JPL Instruments  
Division
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Optical COMPONENTS

THE MICRODEVICES L ABORATORY

»

A variety of JPL flight missions 

and research projects rely on 

our capability to fabricate special-

purpose components for NASA 

and non-NASA instruments.

 

DAN WILSON

Lead, 

Diffractive Optics

20 YEARS AT JPL

CRISM (Compact Reconnaissance Imaging 

Spectrometer for Mars) searches for 

the residue of minerals that form in the 

presence of water, perhaps in association 

with ancient hot springs, thermal vents, 

lakes, or ponds that may have existed  

on the surface of Mars. Sand dunes are  

among the most widespread aeolian 

features present on Mars.

Capabilities across wavelengths 
from the ultraviolet to far-infrared.
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2 mm

10 mm

To address the need for larger 

computer-generated holograms 

(CGHs) than are available from 

commercial sources, MDL 

developed new electron-beam 

lithography capability to fabricate 

CGHs up to 9-inch diameter with 

pattern placement accuracy  

in the tens of nanometers. 
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JPL IS DEVELOPING

DIFFRACTION GRATINGS
for Extreme Environments & Expanded Wavelength Operation

CORONAGRAPH OCCULTING 
Masks for the WFIRST-AFTA Mission

I M AG E  A E-beam-fabricated blazed convex grating (12 mm diameter) for an ultraviolet 

Offner imaging spectrometer. I M A G E  B E-beam-fabricated blazed immersion 

grating (55 mm diameter) etched into an infrared transmissive silicon prism for a 

high-resolution, wide-field imaging spectrometer for atmospheric gas measurement. 

I M A G E  C – D Microscope photo and atomic force microscope surface profile of 

an e-beam-fabricated occulting mask for the AFTA hybrid Lyot coronagraph (HLC). 

I M A G E  E – F Microscope photo and atomic force microscope surface profile of 

an e-beam-fabricated occulting mask for the phase-induced amplitude apodization 

complex mask coronagraph (PIAACMC).
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JPL’S IMAGING SPECTROMETER

A

B
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MDL developed novel grayscale 

e-beam lithography techniques for 

fabricating three-dimensional 

surface relief profiles in e-beam 

resist. This enabled precise 

fabrication of general diffractive 

optical elements, including high-

efficiency blazed gratings.

JEOL JBX-5DII

MDL’s first e-beam  

tool was installed. 

MDL fabricated our first flight-

qualified, shaped-groove grating  

for the ARTEMIS spectrometer  

(flew aboard TacSat-3 Earth- 

orbiting satellite), a collaborative  

effort between JPL and Raytheon. 

JEOL JBX-9300FS

JPL’s second e-beam  

tool was installed.
At the request of JPL imaging spectrometer designers, MDL 

developed e-beam techniques for fabricating our blazed 

gratings on convex spherical substrates. This enabled 

demonstration of high-efficiency, very-low-distortion Offner 

imaging spectrometer designs. MDL fabricated our first space-

qualified convex grating and it was integrated into and flew in the 

Hyperion spectrometer (aboard the Earth Observing 1 satellite).

MDL fabricated  

shaped-groove gratings  

for Moon Mineralogy  

Mapper, which flew aboard the 

Chandrayaan-1 spacecraft.

MDL designed and fabricated a 

shaped-groove, low-polarization 

concave grating for the 

Portable Remote Imaging 

Spectrometer (PRISM).

Utilizing JPL R&TD funding, MDL 

developed shaped-groove grating 

technology. We developed groove-design 

algorithms that enable a grating to 

produce tailored spectral efficiency that 

equalizes a spectrometer’s signal-to-noise 

ratio over a very broad multi-octave 

wavelength range. 

MDL fabricated concave  

long-wave infrared gratings 

for the Hyperspectral Thermal 

Emission Spectrometer (HyTES) 

—still flying airborne campaigns.

MDL fabricated two convex  

dual-blaze flight gratings for the 

Compact Reconnaissance Imaging 

Spectrometer for Mars (CRISM)  

—still operational aboard Mars 

Reconnaissance Orbiter (MRO).

MDL fabricated triple-blaze convex 

gratings for the National Ecological 

Observatory Network (NEON) and the 

Carnegie Airborne Observatory (CAO).

’89 ’90s ’96 ’00 ’06 ’09 ’10 ’12

A narrow barrier island protects the Lagoon of 

Venice from storm waves in the northern Adriatic 

Sea, and breakwaters protect inlets to the 

lagoon. Red tiles on the roofs of Venice contrast 

with the grays of the sister city of Mestre, and 

the cities are joined by a prominent causeway. 
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PAST 25 Y E ARS 

E-beam Highlights
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A Martian dust devil roughly 12 miles (20 km) 

high was captured winding its way along the 

Amazonis Planitia region of northern Mars 

on March 14, 2012, by the High-Resolution 

Imaging Science Experiment (HiRISE) camera 

on NASA’s Mars Reconnaissance Orbiter. 

Despite its height, the plume is little more than 

three-quarters of a football field wide.

Using the MDL-developed IC laser  
at 3.27 μm, TLS detected methane  
on Mars.

Pioneering MDL work in 

semiconductor lasers has  

enabled a new era of laser 

spectroscopy for space.
 

S IAMAK FOROUHAR

Lead, Semiconductor  
Lasers and Optoelectronics

28 YEARS AT JPL

Semiconductor L ASERS

OVER

»
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LASER-BASED SENSORS 

for Environmental Monitoring and Spacecraft Fire Safety

IMAGE
[Spectrometer 

to be photographed]

I M AG E  A Several infrared absorption features of interest in planetary science and environmental 

monitoring are shown in comparison to the capabilities of existing infrared laser technologies. 

I M A G E  B Scanning electron micrograph of a sidewall-grating distributed-feedback QC laser 

fabricated at MDL. I M A G E  C 1 mm x 0.5 mm QC laser chips produced at MDL. The lasers 

are soldered into a temperature-controlled package for integration with laser spectroscopy 

instruments. I M A G E  D A semiconductor QC laser wafer processed in the MDL cleanroom. After 

cleaving into individual devices, this small section will produce more than 100 individual lasers.

MDL maintains advanced laser 

packaging capabilities, including 

this die bonder that enables 

precise placement and soldering 

of semiconductor laser chips.

A

C

B

D

LOW-POWER, LONG-WAVELENGTH 

Infrared Lasers for Planetary Science Spectrometers

FOLLOWING THE SUCCESS 

MDL IS DEVELOPING
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I M AG E A Absorption spectra of ethane measured 

with Caltech’s cavity r ing-down tunable laser 

spectrometer using an MDL laser. This is the first 

time a semiconductor laser has been used to 

measure ethane via cavity ring-down. IMAGE B–C

Electron micrograph of a double-ridge interband 

cascade laser with a lateral Bragg grating with 

cor responding output power and spectrum 

designed for single-frequency emission at 3.38 μm. 

I M AG E D– F Calculations by Professor Anderson’s 

group showing how warmer surface temperatures 

can lead to a wetter and cooler stratosphere, which 

can lead to ozone loss at mid-latitudes. Anderson, 

J. G., et al. (2012), “UV Dosage Levels in Summer: 

Increased Risk of Ozone Loss from Convectively 

Injected Water Vapor,” Science, 337 (6096), 835–

839 [DOI:10.1126/science.1222978].

C

1.00

0.95

0.90

0.85

0.80

0.75    0 20 40 60 80

Im
p

a
c
t 

o
n

 O
z
o

n
e

F
ra

c
ti

o
n

 o
f 

S
ta

rt
in

g
 O

z
o

n
e

Time (hr)

5ppmv

12 ppmv

P=90 mb

T=200 k

0
2

 | s
e
m

ic
o
n
d

u
c
to

r la
s
e
rs

B

D

800

400

200

600

    0

    0 20 40 60 80

M
ix

in
g

 R
a

ti
o

 (
p

p
tv

)

U
n

p
e

rt
u

rb
e

d

HCI H2O=5ppmv

CIONO2

CIO

NO2

NO

800

400

200

600

    0

    0 20 40 60 80

M
ix

in
g

 R
a

ti
o

 (
p

p
tv

)

P
e

rt
u

rb
e

d

HCI

H2O=12 ppmv

CIONO2

CIO

CIOOCI

NO2

CI2

NO

F

E

A

NASA’s ER-2 high-altitude Earth science 

aircraft is used for environmental 

science, atmospheric sampling, and 

satellite data verification missions. 

Harvard Professor Anderson has a history 

of using this aircraft for stratospheric 

measurements in his research.  

CREDIT: NASA Photo/Tony Landis

MID-IR LASERS FOR HIGH 

Ultra-Precision Spectroscopy Instruments

M D L L AS E R S H AV E E N A B LE D

Ultimately, the lasers developed at MDL 

have bridged the long-standing gap in commercially 

available laser technologies and have enabled 

state-of-the-art spectroscopy techniques for 

atmospheric science
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The Mars Volatiles and Climate Surveyor 

(MVACS) is an integrated scientific 

payload containing a Stereo Surface 

Imager, robotic arm, robotic arm 

camera, meteorology package, and a 

Thermal and Evolved Gas Analyzer. 

Delivery of space-

qualified 2-μm 

lasers for Mars ’98.

Delivery of 1.87-μm  

lasers for balloon 

experiment.

Room-temperature 

InGaAs strained-

layer lasers 

demonstrated 

beyond 1.7 μm.

Developed the world’s first 

CW InGaAs strained-layer 

semiconductor laser in 

the 1.8–2.1 μm range.

Delivery of space-qualified 

1.37-μm laser for Deep 

Space 2 mission.

Licensing and commercialization 

of the semiconductor laser 

technology by Spectrasensors, 

a leading global provider of 

laser-based on-line analyzers 

for process control and 

monitoring applications. 

Major capital 

equipment 

investment: 

GaSb MBE.

Developed and delivered the first 

interband cascade laser with the 

emission wavelength of 3.27 μm 

for detection of methane on Mars.

High-accuracy stratospheric 

water measurements using 

MDL 1.87-μm lasers on 

NASA’s DC-8, ER-2, and 

WB-57F aircraft.

The first delivery of  

semiconductor lasers for tunable 

laser spectrometers on Mars: Mars 

Volatiles and Climate Surveyor  

and Deep Space 2.

Demonstration and delivery of unprecedented 

performance semiconductor lasers at 

wavelengths 2.65 μm, 3.38 μm to JPL 

scientists, Harvard University, and  

California Institute of Technology.

This work has revolutionized the 

application of integrated cavity output 

spectroscopy and cavity ring-down 

spectroscopy techniques for 

measurement of isotopes and 

reactive intermediates in the 

troposphere and stratosphere.Demonstration of  

250-K interband 

cascade laser  

at 3.27 μm.

TLS successfully 

activated on Mars 

rover Curiosity.

Interband cascade 

lasers selected for 

Mars TLS.

Mars methane detection: Using the MDL-invented 

IC laser at 3.27 μm, TLS-SAM on MSL detected 

methane on Mars in two distinct regimes: at 

background levels of 0.7 PPBV generated by UV 

degradation of infalling meteorites and in bursts 

of methane at 7 PPBV—10 times above 

background—that rapidly come and go.

’12 ’14’00 ’06’98 ’05’96 ’04’95’92
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Several proposals developed for 

Discovery missions to the Moon, Venus, 

and for Mars atmospheric probes.

Pascal complete TDLS 

instrument with 1.87-μm 

laser diode inside.

SEMICONDUCTOR L ASERS

Have Enabled a New Era of Laser Spectroscopy That Can Make Precise Measurements 

of Gas Abundance and Their Isotope Ratios in Earth and Planetary Gases 
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ADVANCED

 Detectors, Systems & Nanoscience 

 THIS YEAR MARKED

»

This Hubble image shows the spiral galaxy 

Messier 83, also known as the Southern 

Pinwheel Galaxy. In 2008, using UV 

images collected by the Galex spacecraft, 

astronomers discovered the birth of new 

stars in the spiral arms of Messier 83. 

At 15 million light-years from Earth, this 

galaxy has also presented many supernova 

explosions and may have a double nucleus 

at its core.

CREDIT: NASA, ESA, and the Hubble Heritage Team 

(STScI/AURA)—William Blair (Johns Hopkins University).

Broad-spectrum detectors 
for on-sky observation. 

Our work is primarily in high-

performance ultraviolet/visible/near 

infrared and low-energy particle detector 

arrays, and the systems they enable.
 

SHOULEH NIK Z AD

Lead, Advanced Detectors,  
Systems and Nanoscience

23 YEARS AT JPL
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Surveyor Explorers planetary

KECK INSTITUTE for Space Studies Technology  

Development — Single-Photon-Counting Detectors

THE KECK INSTITUTE FOR SPACE STUDIES

ON-SKY  Observation with Broadband Detectors

MDL RECENTLY DEVELOPED

Palomar Observatory’s
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I M A G E  A &C : Four-side buttable, ultraflat WaSP guide and focus CCD for Palomar. I M A G E  B &D :   

The exceptional surface flatness of our detectors is measured in single μm. I M A G E  E : The plot shows 

measured QE data for one of the superlattice-doped, AR-coated WaSP detectors (145 K). I M A G E  F : 

Two packaged EMCCDs (e2v) that have been delta doped and AR coated for the FIREBall experiment.  

The different colors (dark purple and light blue) result from differences in the AR coating design.

MDL uses atomic layer 

deposition to prepare 

single- and multi-layer thin 

films with subnanometer-

scale precision. ALD allows 

fabrication of device-

integrated antireflection 

coatings and filters, as well 

as robust protective coatings 

for stand-alone optics.
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I M A G E  A : Ultraviolet spectrometer prototype based on JPL’s UV technologies. I M A G E  B : 

The UVS mirror was prepared using advanced ALD coating technologies developed 

in MDL. I M A G E  C : The convex grating for UVS was fabricated using electron beam 

on a curved substrate. Advanced ALD coatings ensure high performance well into 

the UV. I M A G E  D : The delta-doped detector for JPL’s UVS includes a customized 

AR coating deposited by ALD. 

ULTRAVIOLET SPECTROMETER 
Based on JPL’s Ultraviolet Technologies

THE ULTRAVIOLET SPECTROMETER

Solar-Blind Silicon and APPLICATIONS
ULTRAFAST SCINTILLATION DETECTORS

Installation of the assembled UVS prototype 

in a test chamber where it will undergo 

performance characterization. The prototype 

design allows individual components  

to be exchanged easily, permitting  

rapid development of the underlying  

technologies without costly redesigns.
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Delta-doping technology 

extended to 1kx1k detector 

format; demonstrated 

improved stability  

and uniformity.

Demonstration of in-house die-

level thinning with a 1kx1k, 12-μm-

format Cassini imager. Production of 

flat-membrane and supported imagers. 

Demonstrated first curved focal plane array.

Magnetosphere-Ionosphere Coupling 

in the Alfvén (MICA) sounding rocket 

flight of a delta-doped CCD array as 

the detector for a compact low-energy 

electron scattering (LEES ) instrument.

Superlattice-doped detectors  

 demonstrate unprecedented stability 

against damaging radiation. Successful 

demonstration of device-integrated 

antireflection coatings and bandpass 

filters prepared by atomic layer deposition.

A frame-thinned Cassini imager 

shows the characteristic clover-like 

surface variations resulting from the 

device thickness being thinned to less 

than 20 μm. Red light reflected from 

the mirror surface below is transmitted 

through the thin membrane.

Delta-doped CCD 

first demonstrated: a 

100x100 pixel region 

is tested to have 

100% internal QE.

First demonstration of n-type 

delta doping, as well as 

successful hybridization  

of delta-doped imagers  

to CMOS ROIC.

Record-breaking sensitivity 

to low- energy electrons 

demonstrated. 

Isotopic resolution of low-energy 

molecular fragments using a delta-

doped Cassini imager integrated 

with JPL’s miniature  

mass spectrometer.

Acquisition of Veeco Gen200 MBE, with the 

capacity to process wafers up to 8 inches  

in diameter. Ultra-flat detector packaging 

developed for large-format arrays.  

End-to-end high-throughput 

processing of UV/VI/NIR  

scientific imagers.

A 1-cm diagonal, delta-doped, CMOS micro-

imaging array hybridized to a CMOS ROIC with 

7000 indium bump bonds. A plano-convex 

lens is directly attached to the imager.

JPL developed four-side buttable 

packaging for mosaicked detectors 

that were delivered to Palomar 

Observatory. The 2kx2k, 15-μm-

format detectors (STA) were delta 

doped and include device-

integrated antireflection  

coatings deposited by ALD.

Successful demonstration of 

wafer-level delta doping for 

thick, high-purity wafers as well 

as bonded epi-layer wafers.

Johns Hopkins University flew 

a delta-doped CCD in the 

Long-Slit Imaging Dual Order 

Spectrograph (LIDOS) on three 

separate sounding rocket 

missions spanning 2003–2008. 

The UV-sensitive detector 

successfully returned data on 

several celestial objects.

’09’99 ’10’02 ’11’03 ’12 ’14’08’98’94’92

Production of flat membrane  

and supported imagers.

Background image: A delta-doped, frame-

thinned Cassini imager is launched into 

the Aurora Borealis to measure charged 

particles (Poker Flats, Alaska).

MDL MILESTONES  

Twenty-Five Years of Enabling Innovations 

First spaceflight on Nike-Orion sounding 

rocket. The High-Altitude Ozone Measuring 

and Educational Rocket (HOMER) 

instrument suite included an advanced 

delta-doped CCD from MDL that 

measured the ozone concentration.

A flat Cassini imager (above) 

together with a curved 

Cassini imager (below). Work 

with curved arrays helped 

determine the fundamental 

limits of this detector format.
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JPL is recognized as one  

of the world’s leading 

institutions in infrared 

detector technology 

development.
 

SAR ATH GUNAPAL A

Director, Center for  
 Infrared Photodetectors

23 YEARS AT JPL

JPL developed a mid-infrared camera 

based on 256x256 quantum well infrared 

photodetector (QWIP) focal plane arrays. 

The camera is designed to operate from the 

prime focus of the Hale 200-inch (5-meter) 

telescope at Palomar with a wide 2'x2' 

field of view and diffraction-limited 0.5" 

pixels. QWICPIC is designed to observe at 

8.5 and 12.5 μm simultaneously to map 

comparatively large regions of the sky in 

thermal dust emission or to survey highly 

confused regions for reddened embedded 

objects. The Hale telescope (f/3.3) was  

the world’s largest effective telescope  

for 45 years (1948–1993).

Cutting-edge infrared  
photodetectors for space and  
terrestrial applications.

 Infrared

P H OTO D E T E CTO R S

VISIBLE LIGHT SPANNING

»

An 8.5-μm, mid-infrared image, 

obtained with a QWICPIC at the 

primary focus of the Palomar 

Observatory’s Hale telescope, shows 

high-mass star-forming regions.
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C

A

B

D

Infrared images taken with a BIRD camera:  

A: Griffith Observatory 

B: Pasadena City Hall  

C: Boeing 737 approaching for landing 

A

B 

C

Infrared image of  

a helicopter taken 

with a BIRD camera.

1-megapixel 

HOT-BIRD 

camera.

Background image: Cory Hill 

prepares to remove the substrate 

of a BIRD FPA using the diamond 

point turning process.

COMPLEMENTARY BARRIER
Infrared Detectors (CBIRDs)

HIGH-RESOLUTION IR IMAGERS
for Planetary Missions

ONE OF THE L ATEST

BOTH VENUS AND SATURN’S MOON TITAN

IN THE L AST FEW YEARS

High Operating Temperature (HOT BIRD TECHNOLOGY)

IMAGE A This clearly shows the tip of the nose is warmer than its surrounding tissues due to the enhanced 

metabolic activity (angiogenesis) of a skin cancer. IMAGE B A face with no skin cancer on the nose. Usually, 

nose and ears are colder relative to the other parts of the face, because those are extending out of the body. 

IMAGE C–D This figure shows the temperature variation of the toes and elbows of a leprosy patient.
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First megapixel simultaneously 

readable and pixel co-registered 

dual-band QWIP focal plane 

array flown on Big Crow aircraft 

for a missile detection experiment.

Developed and delivered 

7.5–12 μm dual-broadband 

QWIP focal plane array to 

Hyperspectral Thermal  

Emission Spectrometer  

(HyTES) airborne spectral  

imager, in operation  

since 2011.

A revolutionary portable infrared  

video camera opened new vistas for 

doctors, pilots, environmental 

scientists, and law enforcement. This 

camera helped doctors detect tumors 

using heat signatures and helped 

pilots make better landings with 

improved night vision.

An early version of the breast cancer screening 

device “BioScan System” developed by Omni-

Corder Technologies, which licensed the JPL 

QWIP technology. This instrument received 

U.S. Food and Drug Administration 

clearance to market in January 2001.

JPL’s newest invention: a high 

operating temperature (HOT) 

mid-infrared VGA format BIRD 

camera. The focal plane array 

operates at 150 K with NEDT 

of 27 mK at 300 K background 

with f/2 aperture.

A: Visible image of a brain tumor 

(most of the cancerous cells are 

dead due to cancer-sensitive drugs).  

B: The thermal infrared image  

clearly discriminate the healthy  

tissues from dead tissues.

Demonstrated the first portable 

long-wavelength QWIP camera, 

opening up myriad applications in 

the civilian sector. Systems based on 

this technology have been deployed  

by FLIR Systems as the next-generation 

advanced infrared sensors for 

military applications.

QUANTUM WELL INFRARED  Photodetectors (QWIPs)

JPL IS RECOGNIZED

Background image: MDL’s John 

Liu prepares for the focal plane 

array hybridization process.
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The four-band QWIP FPA can see up 

to 15.4 μm. This camera was flown 

over and imaged parts of Africa as 

a part of an international project 

to study the environmental im-

pact of vegetation burning and 

related ecological effects.

PAST 25 Y E ARS  

Pivotal Devices from MDL
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Superconducting

 MATERIALS & DE VICES

THE POSSIBLE DETECTION

»

Balloon-borne observations 

represent an important milestone  

for advancing the readiness of  

CMB detector technology. 
 

WARREN HOLMES

Lead, Superconducting  
Materials and Devices

20 YEARS AT JPL

This image from the European Space Agency’s 

Planck satellite shows the space observatory’s 

view of the same region observed by the 

Antarctica-based BICEP2 project. The conclusion is 

the result of a collaborative analysis by scientists 

with both BICEP2 and Planck, using data from both 

telescopes as well as the Keck Array at the South 

Pole. All three instruments employed bolometric 

detector arrays made in MDL.

CREDIT: Steffen Richter (Harvard University)

MDL exploring the quantum  
world & developing quantum 
computers.



2014 ANNUAL REPORT 3725 YEARS OF COMMITMENT TO SCIENCE & TECHNOLOGY36

A

C

B

D

IMAGE A MAKO on sky, May 2014, at the Caltech Submillimeter Observatory (CSO). Simultaneous readout 

was demonstrated with two arrays imaging at 350 μm and 850 μm. The low-frequency (< 250 MHz) FPGA 

readout demonstrated robust performance and successful integration with the telescope. IMAGE B The 

MAKO cryostat utilizes both 4He and 3He systems to obtain base temperatures of 250 mK at the detector 

stage. IMAGE C A 350-μm MAKO device fabricated using a novel interdigitated electrode coupling scheme 

developed at Caltech/JPL. The detectors and readout circuitry consist of a superconducting inductor and 

capacitor and are defined in only a single lithography step. IMAGE D Fully packaged MAKO detector 

array. Detectors are back illuminated through silicon microlenses that appear as bumps in this picture. Left 

is the 350-μm array with pixel area of 1 mm2, while on the right is the 850-μm array with pixel area 4 mm2.  

IMAGE E  Silicon spectrometer wafer prototype assembled onto fixture for testing using a submillimeter vector 

network analyzer. The next milestone will be to use QCDs to read out the spectral channels. IMAGE F:  Transmission 

between input feed and 720 GHz output port showing a spectral resolution R~600.
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THE TRAVELING-WAVE

Nature Physics 

TRAVELING-WAVE KINETIC INDUCTANCE  

Parametric (TKIP) Amplifier 

DEVELOPMENT CONTINUES

IMMERSION GRATING SPECTROMETER  
with Quantum Capacitance Detector Readout
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MULTIPLE Applications for MKIDs

E F

MDL’s superconducting parametric  

amplifier continues development 

toward testing at the Atacama  

Large Millimeter Array. ALMA is an 

astronomical interferometer of radio 

telescopes in northern Chile.

CREDIT: ESO/José Francisco Salgado
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BA

D

C

150 μm

support beams

NASA snaps infrared images 

of Saturn and its rings using 

the Cassini spacecraft.

0
5

 | s
u
p

e
rc

o
n
d

u
c
tin

g
 m

a
te

ria
ls

 &
 d

e
vic

e
s

TUNGSTEN SILICIDE SUPERCONDUCTING NANOWIRE 

SINGLE-PHOTON DETECTORS

SUPERCONDUCTING NANOWIRE  

SINGLE-PHOTON DETECTORS  

for Optical Communication and Quantum Optics

I M AG E  A Image of 64x16-element thermopile array for Diviner-Europa, a proposed instrument 

for NASA’s Europa Mission. I M A G E  B Close-up micrograph of a single thermopile pixel. The 

performance of this pixel meets the requirements of Diviner-Europa. I M A G E  C Scanning 

electron microscope image of an SNSPD based on MgB2. The nanowires are 200 nm wide and 

the active area is 10 x 10 m2. I M A G E  D Optical microscope image of a free-space-coupled 

64-pixel SNSPD array for the DSOC ground receiver. The nanowires are 160 nm wide and the 

active area is 320 m in diameter.

MDL HAS BEEN BUILDING THERMOPILE ARRAYS

 

THERMOPILE Array
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SPIDER balloon experiment just 

before launch (image courtesy of 

the SPIDER collaboration).
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SUPERCONDUCTING DE VICES & MATERIALS  

Enabling Groundbreaking Science for 25 years

Current state-of-the-art JPL/

MDL transition-edge sensor 

arrays. The outline on each 

array shows the size of antenna 

area for each pixel at 95 GHz, 

150 GHz, and 220 GHz.

Modular 95-GHz 

focal plane with 

several modular units 

assembled in place.

First superconducting nanowire 
single-photon detector (SNSPD) 
made outside of Russia is fabricated 

and tested at the MDL. 

SIS mixers and spider-web bolometer 
arrays, developed at MDL, are adopted as 

the baseline detectors in instruments HIFI, 

SPIRE, and HFI for the ESA missions 

Herschel and Planck. 

High-sensitivity uncooled thermopile  

arrays invented and tested at MDL.

Using a small focal plane of spider-web bolometers, 

the balloon-borne Boomerang telescope showed for  

the first time that the universe is “flat” based on 

unprecedented measurements of the cosmic 

microwave background.

Planck releases polarization map of 

cosmic microwave background made 

using MDL polarization-sensitive 
bolometers. Joint analysis with 

BICEP2 does not yet yield statistically 

significant detection of primordial 

gravitational waves. 

MDL thermopile arrays 

have been used to measure 

the longest unbroken 

global temperature, 

dust, and water ice 

climatology for the 

atmosphere of 

Mars (> 8 years).

Scientists at JPL and the Caltech campus 

invented and demonstrated the microwave 
kinetic inductance detector (MKID), 

widely adopted worldwide for ground-based 

millimeter/submilimeter astronomy and also 

used for energy-resolved photon detection at 

optical, UV, and x-ray wavelengths.

MDL thermopile arrays  

used to make the first  

complete temperature maps  

of the Moon, including  

the coldest measured surface 

temperatures in the solar system.

Polarization-sensitive bolometer 
invented at MDL. This detector was 

immediately adopted for the  

Planck flight mission.

Herschel–Planck launch 

with MDL-made SIS 
mixers, spider-web 

bolometer arrays, and 

polarization-sensitive 
bolometers on board.

Spider-web bolometer detector arrays made for 

Herschel SPIRE instrument measure unprecedented 

large-area maps detecting distant infrared-luminous 

galaxies and closer to home detect argonium — ArH+, the 

first interstellar molecule containing a noble gas element.

SNSPD array made in MDL used in a ground station at  

Table Mountain, Calif., establishes an optical communication  

link with the LADEE satellite orbiting the Moon. 

First light obtained with the MAKO array at CSO, which has a  

484-element MKID array made at MDL at the heart of the instrument.

The microwave superconducting parametric amplifier 
invented at MDL demonstrates near-quantum-limited 

sensitivity at 10 GHz. Device physics model predicts 

quantum-limited detection possible up to 800 GHz, 

nearly a factor 5 better than state-of-the-art 

semiconducting amplifiers. 

Using superconducting 
polarimeter arrays fabricated  

at MDL, the BICEP2 experiment 

releases the most sensitive 

millimeter-wave polarization map 

made to date, in a search for 

“B-modes” indicative of primordial 

gravitational waves. Result is 

reported by international news 

agencies and science journals.

Optical MKID array instrument fielded at Palomar 

makes state-of-the-art, submillisecond, time-

resolved measurements of the Crab Nebula. Results 

highlighted in science technical news journals. 

Planck releases highest precision ever 

temperature map of the cosmic microwave 

background based on measurements made  

with MDL spider-web bolometers.

The quantum capacitance detector is invented 

and demonstrated in MDL and achieves a world 

record for lowest noise IR detector.

MDL-produced SIS mixers on 
Herschel HIFI discover many 

new terahertz spectral lines from 

molecules in interstellar space.

Pioneering superconductor-  
insulator-superconductor (SIS) 

mixers for frequencies spanning  

the range from 200 to 900 GHz are 

developed at MDL and fielded in 

ground-based and airborne telescopes.

First superconducting  
polarimeters developed  

based on in-phase-combined  

planar antenna arrays.

’00 ’01 ’04 ’09’05 ’10 ’11 ’12 ’14’13 ’15’99’97’93
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Submillimeter-wave or THz technology 

reveals the physical and chemical 

processes involved in the life-cycle of 

planets, comets, and even stars.
 

IMR AN MEHDI

Supervisor,  
Instrument Electronics and Sensors 

25 YEARS AT JPL

RESE ARCHERS 

 »

S U B M I L L I M E T E R

Wave Advanced Technologies

False-color image showing the smooth 

Hapi region connecting the head and body 

of comet 67P/Churyumov-Gerasimenko. 

Differences in reflectivity have been 

enhanced in this image to emphasize the 

blueish color of the Hapi region. By studying 

the reflectivity, clues to the local composition 

of the comet are revealed. Here, the blue 

coloring might point to the presence of 

frozen water ice at or just below the dusty 

surface. The data used to create this image 

were acquired on August 21, 2014, when 

Rosetta was 70 km from the comet. 

CREDIT: ESA/Rosetta/MPS for OSIRIS Team

Submillimeter-wave technology: 
A probe for space exploration. 
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B
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I M AG E  A : A 16-pixel, 1.9-THz local oscillator (LO) source prototype for next-generation 

terahertz cameras. I M A G E  B : 1.47-THz 4-pixel LO subsystems for STO-2. I M A G E  C : 

A 520–600-GHz on-chip power combined frequency tripler. I M A G E  D : A bias-able 

1.9–2.06 THz frequency tripler for radio astronomy. I M A G E  E : A high-altitude balloon 

will be launched from Antarctica next year to study star formation. It will carry detectors 

and local oscillators made in the MDL.

A HIGH-ALTITUDE BALLOON
Instrument for Studying the Life-Cycles of Stars

THE STRATOSPHERIC TERAHERTZ OBSERVATORY

NOVEL HOT-ELECTRON BOLOMETER  
(HEB) Detector Utilizing MgB

2

 Superconductor

EXTREMELY HIGH SENSITIVIT Y

I M A G E  F A new generation of hot-electron bolometric chips based on MgB
2
 is being 

developed at JPL. This chip is fabricated with a spiral antenna, placed on top of a U.S. 

quarter shown for size. These chips will provide extreme sensitivity, operating only at  

20–25 K. I M A G E  G Work is underway to develop a 100-pixel array receiver that can 

enable increased science throughput from features such as the Horsehead Nebula 

(Barnard 33 in the constellation Orion).

NEOWISE, the asteroid-hunting portion 

of NASA’s Wide-field Infrared Survey 

Explorer, was able to crack the centaur 

mystery thanks to its ability to see 

the infrared properties of the small 

objects. The infrared data, together 

with previous visible-light observations, 

showed that many of the centaurs are 

dark like soot and blue-gray in color, 

telltale signs of comets.
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E

C

A

D

B

E

COMPACT SUBMILLIMETER-WAVE 
Instruments for Planetary Exploration

DETECTION OF WATER

NASA HAS FUNDED 

SUBMILLIMETER-WAVE

MDL-PRODUCED DEVICES 
Instruments for Planetary Exploration

MDL LEVERAGES SPACE TECHNOLOGY 

for a Safer Planet Earth

I M A G E  A  A por table imaging radar system has been developed that uti l izes state-of-the-ar t  

receivers for providing high-resolution images. I M A G E  B  An 8-pixel transreceiver array has been 

developed at 340 GHz for the radar platform. I M A G E  C  This panorama shows a series of four 

images. The top ones are optical while the bottom panels show THz images obtained with the platform 

in IMAGE A. Artifacts hidden under a winter jacket are visible in the THz images. I M A G E  D  Compact 

instruments are being designed based on MDL proven technology that can shrink the size and volume of 

future planetary instruments. I M AG E  E  Close-up of the silicon piece from IMAGE D is shown; this very 

light silicon structure includes submillimeter-wave components such as an OMT, mixer, and multiplier.

NASA’s contribution included 

three of the orbiter’s instruments 

(the Microwave Instrument for 

Rosetta Orbiter, the Ion and 

Electron Sensor, and an ultraviolet 

spectrometer called Alice).The 

Microwave Instrument for the 

Rosetta Orbiter was built at JPL 

and JPL is home to its principal 

investigator, Samuel Gulkis.
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The sheer size of comet 

67P/C-G’s jets can be seen 

in this wide-view image 

captured by Rosetta  

on February 6, 2015.

The camera aboard 

Rosetta’s lander, Philae, 

obtained this image of comet 

67P/Churyumov-Gerasimenko 

on October 7, 2014.

The images show MLS 

O
3
 and ClO measure-

ments made during 

development of the 1996 

Antarctic ozone hole. 

SUBMILLIME TER-WAVE TECHNOLOGY  

A Hunt for Water, Heat, and Molecules in the Solar System and Beyond 

CIO

HCI

Water vapor

Temperature

Ozone

HNO3

03

140 180 220 260 300 340 

5 10 15 20 25 

CIO

A 360-degree panoramic image, covering 

the entire southern and northern celestial 

sphere, reveals the cosmic landscape that 

surrounds our tiny blue planet. The plane  

of the Milky Way Galaxy, which we see 

edge-on from our perspective on Earth,  

cuts a luminous swath across the image. 

CREDIT: ESO/S. Brunier

Delivery of LO chains  

for the HIFI instrument  

on board ESA’s Herschel 

Space Observatory.

A 4-pixel 1.47-THz LO 

source has been 

developed for the 

Stratospheric THz 

Observatory (STO-2).

Herschel Space Observatory, 

launched May 14, 2009, carries local 

oscillator and mixer devices designed 

and fabricated at the MDL.

670-GHz radar 

demonstration.

HIFI LO subsystem 

used on the Herschel 

Space Observatory.

NASA’s Upper Atmosphere Research Satellite 

(UARS) with JPL’s Microwave Limb Sounder 

(MLS) as one of its 10 instruments was launched 

September 12, 1991. The major objective of  

UARS MLS was, in response to the industrial 

chlorofluorocarbon threat to the ozone layer, to 

provide global information on chlorine monoxide (ClO), 

the dominant form of chlorine that destroys ozone.

Herschel was launched  

on May 14, 2009. It is the 

fourth “cornerstone” mission in 

the ESA science program. With a 

3.5-m Cassegrain telescope, it is the 

largest space telescope ever launched.

Rosetta is a spacecraft on a 10-year 

mission to catch a comet and land a 

probe on it. Launched in 2004, the 

spacecraft arrived at its target, 

comet 67P/Churyumov-

Gerasimenko, on August 6, 2014.

Demonstration of the 

first imaging radar  

at 670 GHz.

Development and delivery 

of diode receivers for 

Earth observations  

on the UARS MLS 

spacecraft. 

Monitoring of 

ozone chemistry.

Delivery of 557-GHz Schottky 

diode receiver for the MIRO 

instrument on ESA’s Rosetta 

spacecraft. MIRO made 

contact with Lutetia (in 

2000) and is currently 

taking science data  

on comet CG.

Development of the world’s first 

2.5-THz mixer based on Nb 

HEB. Similar devices were 

later used on Herschel’s 

HIFI instrument.

Onwards: Development  

of first planar Schottky 

diode mixer and 

multipliers.

Figure from EOS MLS instrument 

showing the capability of the 

submillimeter-wave instrument.  

The Earth Observing System (EOS) 

Microwave Limb Sounder (MLS) 

is one of four instruments on 

NASA’s EOS Aura satellite, 

launched on July 15, 2004.

’14’04 ’11’01 ’09’91
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N A N O  &  M I C R O  Systems

When developing a new technology,  

some of the seemingly simple obstacles 

that we take for granted turn out to be 

quite complicated to overcome.
 

HARISH M. MANOHAR A

Principal Staff / Group Supervisor, 
Nano and Micro Systems

15 YEARS AT JPL

Hot fluids circulating through magnesium-

rich basalt can produce methane. 

Advanced microdevices  
for prolonged operation  
in harsh environments.

 THE PAST YE AR

»



2014 ANNUAL REPORT 5325 YEARS OF COMMITMENT TO SCIENCE & TECHNOLOGY52

I M A G E  A Photograph of miniature X-ray tube using CNT 

field-emission source. I M A G E  B Comparison of backscatter 

spectra obtained using the miniature CNT X-ray tube of a shale 

sample versus the EDX spectrum of the same sample. Notice 

the similarity of elemental f luorescence map. I M A G E  C

Photograph of a composition sensor based on dielectr ic 

spectroscopy technique showing two electrodes embedded 

inside a ceramic body. I M A G E  D Graph showing detection 

of mixture ratio between water and hydrocarbon at different 

excitation frequencies. I M A G E  E The Solar Probe Plus 

spacecraft, with solar panels folded into the shadows of its 

protective shield, gathers data on its approach to the Sun. 

I M A G E  F Miniature glass bulb vacuum-packaged CNT triode.

MINIATURE X-ray Imaging / Spectroscopic Tool

JPL’S CARBON NANOTUBE
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HARSH-ENVIRONMENT SENSORS
for Space and Terrestrial Applications

RECENT DEVELOPMENTS

JPL CONTINUES

EDX

HIGH-TEMPERATURE
CNT Vacuum Electronics

Dr. Valerie Scott 

prepares to test a CNT 

mini X-ray tube in 

the characterization 

chamber.

F
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First high-current density 

CNT field-emission 

sources developed.

New sample 

verification sensor 

system for lunar 

mission developed.

New miniature stereo 

imaging system for 

3D imaging: 

3D-MARVEL  

spin-off started.

Si DRG IP leads  

to a spin-off.

Development of a 

MEMS gyroscope with 

the best reported bias 

stability for spacecraft 

and defense use.
Nano and micro 

systems research  

started.

Development of black  

Si technology to enhance  

the performance of imaging 

spectrometers for Earth  

science applications.

’02 ’05 ’11’07 ’13

Background image: This is an enhanced-color  

view generated from images acquired by the High 

Resolution Imaging Science Experiment (HiRISE) camera 

on NASA’s Mars Reconnaissance Orbiter (MRO).

NANO & MICRO Systems Highlights

I M A G E  A Schematic flow chart of the RF-powered micro-extraction process. 

I M A G E  B Photograph of the RF-powered micro-extractor. I M A G E  C

S-shaped waveguide. I M AG E  D OCO
2
 spectrometer slit. I M AG E  E WFIRST-

AFTA high-contrast imaging apodizer for planet finding near bright parent star. 

I M A G E  F Cryo-etched black Si reflectance as a function of wavelength.
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RF- POWERED  

Micro-extractor and Reactor (μEX)

JPL HAS DEVELOPED

JPL BLACK Silicon Technology

JPL HAS DEVELOPED

D

E

F

% Reflectance / Wavenumber (cm–1)

JPL’s Black Si exhibits near zero
reflectivity from UV out to ~20 μm
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 ADVANCES

»

M I C R O F L U I D I C

Electrospray Propulsion (MEP)

MEP will revolutionize small 

spacecraft propulsion 

capabilities.
 

COLLEEN MARRESE-RE ADING

Principal Investigator,  
Microfluidic Electrospray Propulsion

20 YEARS AT JPL

MEP thruster under a measurement 

microscope during alignment of 400 emitter 

needles and extractor apertures within 10 μm 

of center of the 40-μm-diameter apertures.

Electrospray propulsion systems...  
scalable and high precision.
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MEP Will Enable Nanosats with Extraordinary

PROPULSION CAPABILITY
M E P TE C H N O LO GY

Microfabricated ELECTROSPRAY NEEDLES
JPL HAS DEVELOPED

MEP Will Enable New Spacecraft CONTROL PARADIGMS
SEVERAL THRUSTERS

I M A G E  A 100-micronewton prototype MEP thruster in a thermal shield. I M A G E  B  MEP thruster on a 

micronewton thrust stand in a 2-meter-diameter vacuum chamber for testing. I M A G E  C MEP thruster 

being assembled. I M A G E  D Chamber of the combined e-beam/thermal deposition system used to 

pre-load the emitters with propellant.
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The bonded emitter array and heater  

is pre-loaded with indium propellant 

in a combined e-beam/thermal 

evaporation system. The chip is 

mounted on a rotating arm that has 

three axes of rotation to allow  

for conformal coating of complex  

3D structures.

B

D

A

C

First fabrication run of 150-μm-

tall complex geometries in 

silicon, with tapered sidewalls, 

using a combination of gray-

scale lithography and DRIE.

First demonstration of 

gray-scale e-beam 

lithography at JPL.

Fabrication of 500-μm-

tall microemitters in 

silicon, with the 

collaboration of  

UC Irvine.

Repeatable successful fabrication of emitter 

arrays with feed-system vias, bonded with the 

heater and pre-loaded with indium propellant. 

Demonstration of stable thrust at 25 μN for 1 hour, 

with controlled performance operation above 150 μN.

Single array of 400 electrospray needles is 

demonstrated, with 300-μm-tall structures, 

tapered and grooved sidewalls, and sharp 

tips. First electrospray test at JPL using 

MDL-fabricated arrays, with 5 μN  

for 20 minutes.

’15’14’12’06’94

MICROFABRICATION OF COMPLE X 3D GEOME TRIES  

for Microfluidic Electrospray Propulsion Systems 
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 AT THE MOST BASIC

»

I N  S I T U Instruments

By analyzing distributions of 

organics on other worlds, we 

can search for patterns that we 

may recognize as life, very similar 

or very dif ferent from our own.
 

PETER WILLIS

Senior Technologist, 
Microfluidic Life Analyzer

11 YEARS AT JPL

Image of Saturn’s icy moon Enceladus 

acquired by NASA’s Cassini spacecraft. 

The blue “tiger stripes” in the lower 

portion of the image are geologically 

active “geyser” features, which spray icy, 

organic-laden material into space.

JPL is developing  
instruments to search  
for chemical evidence  
of life on Europa  
and Enceladus.



2014 ANNUAL REPORT 6325 YEARS OF COMMITMENT TO SCIENCE & TECHNOLOGY62

I M A G E  A Separation of C2 to C30 fatty acids (2 mM C2–C26,  

in ethanol on a microchip. I M A G E  B Long-chain fatty acids. 

I M A G E  C Sample collection at the base of the mound. Solid 

rocks were collected with the manipulator and sediments 

were collected with a water vacuum connected to a sample 

chamber. I M A G E  D The Snake Pit hydrothermal vent 

field as seen from the MIR 2 submersible. Active vents 

can be seen at the top of the structure. The sample 

site was at the base. A picture of the first prototype 

microchip developed at MDL for 

automated analysis of amino acids.

This technology could be used to find 

microscopic forms of life on other 

planets. This would be essential not 

only for astrobiology, but also to keep 

future astronauts safe as they explore 

Mars and other worlds.

J PL H A S D E V E LO PE D

BIG SCIENCE in a Small Package
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THE SEARCH FOR EVIDENCE

IMAGE A

IMAGE C–D

SEARCHING FOR LIFE  in the Universe
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1.5

1.6 mm

The Snake Pit hydrothermal vent field as seen 

from the MIR 2 submersible. Active vents can 

be seen at the top of the structure. 

CREDIT : K. P. Hand

Design of a 3-D instrument  

model for the Planetary In Situ 

Capillary Electrophoresis System 

(PISCES). PISCES integrates an 

extraction subsystem with the  

ME-LIF analyzer. PISCES could 

readily be incorporated into 

planetary landers, rovers, or other 

robotic exploration vehicles.

Field test in the Atacama  

Desert of a microfluidic 

instrument and extraction unit 

developed at UC Berkeley in 

collaboration with JPL. Extracts 

of samples from the Yungay 

Hills were analyzed, detecting 

amino acids down to 4 ppb.

First demonstration of 

automated analysis of 

amino acids on a microchip 

developed at MDL.

New strategies for analysis of 

sulfur-containing molecules  

were developed and validated 

by analyzing fluid from 

geothermal pools. 

Development of a Teflon membrane for 

incorporation into microfluidic devices. 

These membranes are resistant to 

organic solvents and reduce the 

possibility of contamination. 

New protocols for detection of long- 

chain amines were demonstrated  

by analyzing Titan aerosol  

simulants (tholins).

First analysis of fatty 

acids on a microchip 

using organic solvents 

was performed at MDL.

’13 ’14 ’15’12’05 ’07 ’09 ’11

The Urey Instrument was selected  

for the ESA ExoMars Mission. While 

Urey was descoped from the payload 

in 2009 before a working prototype 

could be built, the project concept  

was advanced, eventually becoming 

the Chemical Laptop.
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I M A G E  A Example of an analysis of amino acids on-chip. Current research 

involves chiral analysis of amino acids. I M A G E  B Picture of glass microbeads (~40 

to 60 μm) trapped inside a microfluidic device for pre-concentration. I M A G E  C

First demonstration of manipulation of solid samples on-chip. [1: Pumping sediment 

mixed with blue dye into the device, 2: Pumping water through the sediment, 3: Water 

dissolves the dye mixed with the sample].

DURING THE LAST DECADE CURRENT

IMAGE C

IMAGE B

TAKING THE LAB to the Sample What Happens NEXT

20 40 60 80 100

The Chemical Laptop was tested for the 

first time in the field. The instrument 

was operated at the Mars Yard for 

four hours using only  

battery power.
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DE VELOPMENT OF A MICROFLUIDIC CHEMICAL ANALY ZER  
from the Atacama to the Mars Yard and the Bottom of the Ocean
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  Infrastructure

 &  C A PA B I L I T I E S

Semiconductor processing equipment 

in MDL’s cleanrooms are utilized by 

researchers to fabricate improved  

sensors for instrumentation.

MDL requires complex  
integrated building  
systems.

  THE SOPHISTICATED SEMICONDUCTOR

»

MDL equipment is  

often custom built to 

specific requirements.
 

JAMES L AMB

Lead, 
Facility and Safety

30 YEARS AT JPL
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A)

B)

C)

D)

E)

F)

MDL can process 3-inch, 4-inch, 6-inch, 8-inch, 
and some 9-inch diameter wafers as well as pieces

1.  PlasmaTherm APEX SLR Fluorine-based Inductively 

Coupled Plasma (ICP) Etcher with Laser End Point 

Detector.

PlasmaTherm Versaline Chlorine-based Inductively 

Coupled Plasma (ICP) Etcher

Angstrom Engineering Indium – Metal Evaporator

4.  Refurbished Suss RC8 Spin Coater.

OVER THE LAST 25 YEARS
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MDL’s Process Cooling 

Water System, one of the 

many building infrastructure 

systems which support 

operations in MDL.

SIGNIFICANT MDL  

INFRASTRUCTURE RENEWALS

Zygo ZeMapper

Custom Superconducting Material Device 

Deposition System.

Capabilities were enhanced through: A)

B)

C)

D)

E)

IN 2014, MDL MADE THE FOLLOWING EQUIPMENT ACQUISITIONS,  

UPGRADES, AND CHANGES:

 IN ADDITION, IN 2014, BESIDES STANDARD ONGOING FACILITIES MAINTENANCE 

UPKEEP, OTHER FACILITY INFRASTRUCTURE RENEWALS WERE IMPLEMENTED:
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MDL FORMULATION, CONSTRUCTION, AND START-UP

MDL OPERATIONAL ACTIVITIES / CHANGES

1982

1985  SEPTEMBER

1986

1987 JANUARY

1988 AUGUST

OCTOBER

DECEMBER

1989 FEBRUARY

MARCH

AUGUST

SEPTEMBER

1990  APRIL

Full 

operations begin

MDL FACILITY & SAFETY SYSTEM MILESTONES

1992

1993

1994

1995

1996

1997

1998

1999

2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

1
0

 | in
fra

s
tru

c
tu

re
 &

 c
a
p

a
b

ilitie
s
 

Much of MDL’s PlasmaTherm 

Versaline Deep Silicon Etcher (DSE) 

is located in the chase adjacent 

to the cleanroom processing area 

where samples are loaded.
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ADDITIONS AND DELETIONS

MDL EQUIPMENT  
COMPLEMENT MILESTONES

1991   ADDITIONS

 »
 »
 »

  DELETIONS

 »
 »

1992  ADDITIONS

 »
 »

  DELETIONS

 »

1993   ADDITIONS

 »
 »
 »
 »

  DELETIONS

 »
 »
 »

1994  ADDITIONS

 »
 »
 »
 »
 »
 »
 »

 »
 »
 »
 »
 »
 »
 »
 »

  DELETIONS

 »
 »
 »
 »
 »
 »
 »

1995  ADDITIONS

 »
 »
 »
 »
 »
 »

 »

 »

  DELETIONS

 »
 »
 »

 »

1996  ADDITIONS

 »
 »
 »
 »
 »
 »
 »
 »
 »
 »
 »

  DELETIONS

 »
 »

1997  ADDITIONS

 »
 »
 »

 »
 »
 »

  DELETIONS

 »

1998  ADDITIONS

 »
 »
 »

 »
 »
 »

  DELETIONS

 »
 »
 »
 »

1999  ADDITIONS

 »

  DELETIONS

 »

2000  ADDITIONS

 »
 »
 »
 »

 »
 »

  DELETIONS

 »
 »
 »

2001  ADDITIONS

 »
 »
 »
 »
 »

 »
 »
 »
 »

  DELETIONS

 »
 »
 »

2002  ADDITIONS

 »

  DELETIONS

 »

2003  ADDITIONS

 »

 »
 »

An MDL processor in cleanroom 

garb loads silicon wafers into 

MDL’s Canon EX6 Stepper.
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 »
 »
 »

  DELETIONS

 »

2004  ADDITIONS

 »
 »
 »

 »

 »

 »

 »
 »

 »
 »
 »
 »

  DELETIONS

 »
 »
 »
 »

2005 ADDITIONS

 »
 »

 »

  DELETIONS

 »
 »

2006 ADDITIONS

 »
 »

  DELETIONS

 »
 »

2007 ADDITIONS

 »

 »

 »

 »
 »

 »
 »
 »

 »

 »
 »

 »

 »
 »

  DELETIONS

 »

 »
 »

2008 ADDITIONS

 »

 »
 »
 »

  DELETIONS

 »
 »

2009 ADDITIONS

 »
 »

 »

 »

 »
 »
 »
 »

 »

  DELETIONS

 »
 »
 »

2010 ADDITIONS

 »
 »
 »
 »

 »
 »

  DELETIONS

 »
 »

 »
 »

 »
 »
 »

2011 ADDITIONS

 »

 »

 »

  DELETIONS

 »
 »
 »

2012 ADDITIONS

 »

 »

 »

 »

 »

 »

 »

 »
 »

 »

 »

  DELETIONS 

 »
 »
 »
 »

 »

2013 ADDITIONS

 »
 »

 »

 »
 »

 »

 »

  DELETIONS

 »
 »

2014 ADDITIONS

 »
 »

 »

 »
 »
 »
 »
 »

 DELETIONS 

 »
 »
 »
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MATERIAL DEPOSITION

 »
 »
 »
 »

 »

 »

 »

 »

 »

 »
 »

 ›
 ›

 »
 »
 »

 ›

 ›
 ›
 ›

 »

LITHOGRAPHIC PATTERNING

 »

 »

 »
 »

 »
 »

 ›
 ›
 ›

APPENDICES
MDL EQUIPMENT COMPLEMENT

 ›

 »
 ›
 ›
 ›

 »
 »

DRY ETCHING

 »
 »
 »

FLUORINE-BASED PLASMA ETCHING SYSTEMS

 »

 »

 »

 »

 »
 »
 »
 »

CHLORINE-BASED PLASMA ETCHING SYSTEMS

 »

 »
 »

WET ETCHING & SAMPLE PREPARATION

 »
 »
 »

 »
 »
 »
 »
 »
 »
 »

 »

 »
 »

 »

PACKAGING

 »
 »
 »
 »
 »

 »
 »
 »
 »
 »
 »

CHARACTERIZATION

 »
 »

 »

 »
 »
 »
 »
 »
 »
 »

 »
 »

 »
 »
 »

 »
 »

 »
 »
 »

 »

An MDL researcher loads a 

sample into MDL’s Beneq atomic 

layer deposition (ALD) System.
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